A 2007 food-borne illness incident involving peanut butter is linked with structural change in consumer demand. Compensated and uncompensated own-and cross-price elasticities and expenditure elasticities were calculated for leading brands before and after the product recall using the Barten synthetic model and weekly time-series data from 2006 through 2008. Statistically significant differences in price elasticities for the affected brand, Peter Pan, were absent. After a period of 27 weeks, this brand essentially recovered from the food safety crisis. Significant differences in price elasticities were evident among non-affected brands. Hence, spillover effects and heightened competition are associated with the recall.
The Centers for Disease Control and Prevention (CDC) and state health departments reported cases of salmonella contamination linked to peanut butter beginning in November 2006. The cases were associated with consumption of two peanut butter brands, Peter Pan and Great Value, manufactured by ConAgra Foods Inc. at its Sylvester, Georgia, processing plant. As a result, on February 14, 2007, ConAgra voluntarily issued a nationwide recall of its Peter Pan and Great Value peanut butter products (CDC 2007) .
In an effort to restore consumer confidence in the safety of the peanut butter brands, ConAgra repaired its peanut processing plant in Sylvester, Georgia, and started a large-scale marketing campaign. Particularly, ConAgra claimed that it had spent a considerable amount of money on upgrading machinery, technology, and design throughout the plant before re-opening it and returning the Peter Pan peanut butter to store shelves in August 2007 (ConAgra Foods Inc. 2007 , NewsInferno 2007 . During its massive marketing campaign, ConAgra sent out 2 million coupons for free Peter Pan peanut butter, sent out $1-off coupons, and updated the design of Peter Pan peanut butter jars (Dorfman 2007) . According to Con-Agra, this marketing campaign was the largest investment the company had ever made in Peter Pan. To encourage customers, ConAgra redesigned the Peter Pan peanut butter jars with a "New Look" label and implemented a 100 percent satisfaction guarantee, in which a full purchase price refund was available in case customers were not satisfied with their purchase (Dorfman 2007) .
The U.S. peanut butter industry is concentrated in the hands of three firms-Procter and Gamble Company, ConAgra, and CPC International Inc.producing national brands Jif, Peter Pan, and Skippy, respectively. The remaining share of the market is attributed to regional and/or store-brand peanut butter producers. Specifically, over the study period from January 2006 to December 2008, private label (store brands), Jif, Peter Pan, Skippy, and other brands accounted for 23 percent, 35 percent, 10 percent, 20 percent, and 12 percent market shares, respectively (Nielsen Homescan panels for household purchases, 2006, 2007, and 2008) .
Because the peanut butter category is characterized by competition among three major brands and several private label brands, a crisis in a particular brand might impact the whole category via spillover effects (Dahlen and Lange 2006) . Spillover among brands, initiated by a food safety issue within a product category, is of interest in this study. Specifically, the focus is on whether a brand can withstand a food-borne illness problem or whether it is at risk when there is competition among similar branded goods. The issue relates to the potential efficacy of private market incentives for the supply of safe foods.
Specifically, the objectives of this study are as follows: (i) to empirically investigate whether the peanut butter recall resulted in a significant structural change in demand relationships, (ii) to determine the "best" demand systems specification nested within the Barten synthetic model (BSM) for studying the peanut butter recall event, and (iii) to capture changes in the own-price and crossprice effects across peanut butter brands brought about by the peanut butter recall event.
This analysis differs from previous research in several ways. First, a comparison of the respective elements of demand elasticity matrices is used to detect a structural change in the demand for peanut butter initiated by a recall. The conventional approach has been to incorporate dummy variables, which, as intercept shifters, affect only the level of the dependent variable. Elasticities also capture the impacts of changes in prices and total expenditure (or income) on the dependent variable. Second, the study is done at the brand level using Nielsen Homescan data as opposed to the use of aggregate data on products. The brandlevel data add to our understanding of the competition among the peanut butter brands in the presence of the recall and provide the opportunity to assess spillover effects at the appropriate level of analysis.
The remainder of the paper is structured as follows. The next section provides a literature review on the empirical application of demand systems for studying the impact of information on consumer demand. Following the presentation of the model, the data used in the analysis are discussed. The subsequent section provides the estimation procedure and the empirical results. Summary, conclusions, and implications are presented in the final section.
Literature Review
The issue of consumer responsiveness to public health information provided via different types of media indices and communicated through various sources of media has been extensively studied in previous research. Some studies investigated consumer response to health information knowledge (e.g., cholesterol index) (Brown and Schrader 1990 , Capps and Schmitz 1991 , Kinnucan et al. 1997 . Another group of studies analyzed consumer response to negative health information, such as Bovine Spongiform Encephalopathy (Burton and Young 1996 , Peterson and Chen 2005 , Pritchett et al. 2007 ), Salmonella (Smed and Jensen 2002) , and general recall (or food safety) announcements associated with various food products (Vickner, Marks, and Kalaitzandonakes 2003 , Marsh, Schroeder, and Mintert 2004 , Piggott and Marsh 2004 , Arnade, Calvin, and Kuchler 2008 . Finally, another group of studies evaluated consumer responsiveness to both negative and positive (e.g., advertising) information (Verbeke and Ward 2001, Fousekis and Revell 2004) .
To capture the impact of information on the demand for a variety of food products, in most cases a demand systems approach was employed (generally variations of the Almost Ideal Demand System and the Rotterdam model), oftentimes including dummy variables in an attempt to detect a structural change in demand associated with events. In addition to demand system estimation at the market level, one can also use experimental design to examine the influence of food safety information on consumer willingness to pay for a product (Buzby et al. 1998 , Dillaway et al. 2011 . Our empirical analysis corresponds to a natural experiment, in lieu of using experimental methods. But both approaches are appropriate and have a common goal: that is, to examine both the short-and longer-term impacts of media information on consumer purchasing behavior. It is interesting to contrast the time frames over which the consumer responses are measured. In particular, in the experimental lab setting, Dillaway et al. (2011) were able to track over 7 weeks. In our study, the Peter Pan recall event covered 27 weeks, and then we track for another 71 weeks covering the post-recall period.
This study empirically analyzes in a dynamic framework the issue of a structural change in the demand for peanut butter initiated by the recall of Peter Pan. In using a demand system, our approach is similar to that used in most of the studies referenced above; however, in our analysis the dynamics were introduced through the use of the BSM. Further, there have been no studies that differentiated periods and checked for the structural change associated with events measured with changes in corresponding elasticity estimates. Unlike a conventional method of incorporating a dummy variable, the presence of a structural change in the demand for peanut butter was ascertained through the comparison of corresponding price elasticities from the pre-and post-recall periods. Also, our use of brand-specific data is unique in the literature in that it allows us to control for price reductions (e.g., coupons), which, to the best of our knowledge, have not been considered by previous research but are clearly part of a marketing effort to repair a brand after a crisis.
Model
Demand systems often have been favored over single equations when dealing with consumer demand analysis (Lee, Brown, and Seale 1994) , perhaps due to the ease with which theoretically consistent restrictions such as homogeneity and symmetry are imposed. Barten (1993) developed a general model, known as Barten's synthetic model, that nests the differential versions of the Rotterdam model developed by Barten (1964) and Theil (1965) , the Almost Ideal Demand System (AIDS) model developed by Deaton and Muellbauer (1980) , the Dutch Central Bureau of Statistics (CBS) model introduced by Keller and van Driel (1985) , and the NBR model introduced by Neves (1987). Barten's differential demand system possesses a few appealing features including functional form flexibility, linearity in parameters, potential to render variables stationary due to the required first-differencing process, and its ability to introduce dynamics. All of these, coupled with the fact that the BSM allows a determination of the specific functional form best supported by the data set used, enhance its practical application.
The Barten model is given as follows:
(1)
where w i is the budget share of ith brand; q i is the quantity of ith product; d log Q is a Divisia Volume Index; δ ij = 1 if i = j; δ ij = 0 if i ≠ j; p j is the price of brand j; β, λ, γ ij , and µ are the parameters to be estimated; and ε i is the error term. Equation (1) becomes the Rotterdam model when both λ and µ are restricted to zero, the CBS model when λ is equal to one and µ is equal to zero, the NBR model when λ is equal to zero and µ is equal to one, and, finally, the AIDS model when both λ and µ are restricted to one. Equation (1) was estimated in this study with a correction for serial correlation. During the estimation one of the equations was dropped to circumvent the problem of singularity of the variance-covariance matrix of error terms. The parameters of the omitted equation were recovered using the following theoretical restrictions:
(2) adding-up: The compensated price elasticities of equation (1) are given by
where w i and w j denote the budget shares of commodity i and j, respectively, and δ is the Kronecker delta. Using Slutsky's equation, the uncompensated price elasticities are computed as (6) .
The uncompensated cross-price elasticities are used to reveal the symmetry property in elasticity form using the following equation:
where e i and e j are the expenditure elasticities of commodity i and j, respectively.
The expenditure elasticity is given by
The own-price elasticities were hypothesized to be negative based on the law of demand. Positing that all brands of peanut butter would be substitutes, it was anticipated that the cross-price elasticity estimates would be positive. Finally, expenditure elasticities were expected to be positive, as we did not expect to find peanut butter to be an inferior good.
Data
Weekly data used in the estimation of the BSM were derived from the Nielsen Homescan panels for 2006, 2007, and 2008 . Nielsen Homescan panels are the largest ongoing household scanner data survey system, tracking purchases made by households in the United States. For our analysis, the time-series data set ranged from Wednesday January 4, 2006, to Tuesday, December 30, 2008, and included weekly totals of quantities purchased and prices (unit values). The entire data set was broken into two separate data sets: the pre-recall and the post-recall. The timeline associated with the Peter Pan recall event was as follows:
the pre-recall period-January 4, 2006, through February 13, 2007-for a total of 58 weekly observations; the recall period, when Peter Pan was not available on the shelves of the stores-February 14, 2007, through August 21, 2007for a total of 27 weekly observations; and the post-recall period, when Peter Pan returned to the stores-August 22, 2007, through December 30, 2008-for a total of 71 weekly observations.
To be included in our sample, households must have made at least one purchase of peanut butter over the three-year study period (2006, 2007, and 2008) . So, our analysis explicitly focuses on the behavior of peanut butter consuming households. The quantity purchased of a peanut butter brand was constructed by aggregating weekly total ounces across households and then dividing by the number of unique households that purchased that peanut butter brand in the given week. Through this division, we place emphasis on quantities purchased per household. This approach is similar to the conventional per capita transformation. Unit values were used as a proxy for prices. For each week, peanut butter unit values were calculated by dividing total expenditures by total ounces. Total expenditures were adjusted for appropriate price reductions by subtracting the value of coupons; consequently, prices also reflected that adjustment. In addition, prices were deflated using the Consumer Price Index (CPI) with the base period equal to the average of the CPI over the years 1982 to 1984 reported by the Bureau of Labor Statistics (2011) . Given that the CPI is reported on a monthly basis, weekly interpolation of this series was derived to obtain inflation-adjusted measures. 1 The entire data set was broken into five distinct peanut butter variables, one for each of the three national brands (Jif, Peter Pan, and Skippy), one for private labels (aggregated), and one for other brands. 2 The Jif peanut butter brand group included Jif, Simply Jif, Jif Smooth Sensations, and Jif To Go. The Peter Pan peanut butter brand group included Peter Pan, Peter Pan Whipped, and Peter Pan Plus. The Skippy peanut butter brand consisted of Skippy, Skippy Carb Options, and Skippy Natural. Finally, the Other Brands group included all the brands of peanut butter except for Jif, Peter Pan, Skippy, and Private Label brands.
As exhibited in Table 1 , the number of unique households purchasing the respective brands is not the same week to week. In this way, we do capture, albeit at the aggregate level, those households that did not buy the brand because of knowledge of the recall. In particular, the number of unique households increases for all the brands going from the pre-recall to the recall period. This finding may be explained by the fact that the households that were consuming Peter Pan switched bel, and Other Brands, at 33.68, 31.67, and 22.57 ounces, respectively. In the post-recall period, the average total quantity purchased was the highest for Jif, at 37.69 ounces. Also, in terms of average quantity, in the post-recall period Skippy ranked second, at 35.03 ounces, followed by Private Label, Peter Pan, and Other Brands, at 31.07, 30.44, and 22.56 ounces, respectively. Hence, in terms of average quantities purchased per week, the recall slightly affected the ordering of brands across the pre-recall and post-recall periods.
Across the pre-recall and post-recall periods, the percentage change in terms of average quantity purchased for Jif was 12.46 percent, for Skippy -1.21 percent, for Other Brands -0.45 percent, for Private Label -2.67 percent, and for Peter Pan -0.15 percent. As such, only Jif recorded a positive change in sales volume, while the rest of the brands posted a negative change in their corresponding sales volumes going from the pre-recall period to the post-recall period. Also of interest is the variability in quantities across the two recall periods reflected by the standard deviations. There was less variability in quantities for all the brands in the post-recall period relative to the pre-recall period except for Peter Pan.
As shown in Table 1 , in the pre-recall period Other Brands were the most expensive, with an average weekly price of 7.44 cents per ounce. In the pre-recall period, the second most expensive peanut butter brand was Jif, with an average price of 5.09 cents per ounce, followed by Skippy and Peter Pan, with average prices of 4.96 and 4.68 cents per ounce, respectively. Finally, not surprisingly, Private Label was the lowest-priced brand in the pre-recall period. During the recall period, Other Brands was the most expensive brand, with an average weekly price of 7.23 cents per ounce, followed by Jif, Skippy, and Private Label with average weekly prices of 5.01, 5.01, and 3.93 cents per ounce, respectively. In the post-recall period, Other Brands was still the highest-priced peanut butter brand, with an average price of 7.43 cents per ounce. In the post-recall period, the second most expensive peanut butter brand was Skippy, at 5.37 cents per ounce, followed by Jif, Peter Pan, and Private Label, with average prices of 5.26, 4.90, and 4.32 cents per ounce. As for the average prices, the ordering of the prices of the leading brands changed from the pre-to the postrecall periods, with Jif switching places with Skippy.
Except for Other Brands, the average inflationadjusted prices for all the peanut butter brands increased from the pre-to the post-recall periods. Particularly, Skippy recorded an 8.2 percent increase; Private Label recorded a 7.5 percent increase; Peter Pan recorded a 4.7 percent increase; Jif recorded a 3.4 percent increase; and, finally, Other Brands posted a 0.1 percent decrease. In addition, standard deviations reported in Table 1 show that, except for Other Brands, there was more variability in prices of all brands in the postrecall period relative to the pre-recall period, which may be attributed to couponing strategies implemented by the manufacturing firms.
According to Table 1 , in terms of market share in the pre-recall period, Jif and Skippy led the way (with 22 percent each), followed by Other Brands (21 percent), Peter Pan (18 percent), and Private Label (16 percent). During the recall period, Jif had the largest market share (28 percent), followed by Skippy and Other Brands (with 26 percent each) and Private Label (20 percent). In the post-recall period, Jif enjoyed the largest market share (24 percent), followed by Skippy (22 percent), Other Brands (20 percent), Peter Pan (18 percent), and Private Label (16 percent). Across the two recall periods, interestingly, there was relatively little change in market shares for the peanut butter brands. Interestingly, if one compares market shares after the recall, it becomes evident that Peter Pan, in particular, recaptured the market share that the brand had in the prerecall period.
Estimation Procedure and Results
To obtain the matrices of uncompensated and compensated price elasticities of demand, two Barten models, one for the pre-recall period and the other for the post-recall period, were estimated using an Iterated Seemingly Unrelated Regression (ITSUR) procedure with parametric restrictions imposed. Each demand system consisted of five equations, one for each peanut butter brand (Private Label, Jif, Peter Pan, Skippy, and Other Brands). To avoid the singularity of the variance-covariance matrix of disturbance terms, the equation for Other Brands was omitted and its parameters were computed using restrictions from equations (2), (3), and (4).
The R 2 for the omitted equation was computed by squaring the correlation coefficient between the actual and the predicted values of the dependent variable. The Durbin-Watson statistic for the omitted equation was calculated as the ratio of the sum of squared differences in successive residuals to the residual sum of squares. To account for serial correlation, a first-order autoregressive cor-rection [AR(1)] was used. The joint test of the significance of quarterly dummy variables indicated that seasonality was not a significant determinant, and, hence, was not accounted for in the final estimation.
Augmented Dickey-Fuller and Phillips-Perron tests further supported the differential form of the variables used in the estimation. All the MacKinnon approximate p-values for the first-differenced variables were less than 0.0001, indicative of the stationarity property. Finally, all statistical tests were performed using a significance level of 0.10 owing to the relatively small amount of weekly observations available in the analysis.
In Table 2 , details are presented concerning the Durbin-Watson statistic, the goodness-of-fit (R 2 ) statistic, parameter estimates, and p-values for the Barten models associated with the pre-and postrecall periods. For the pre-recall period, the R 2 s ranged from 0.53 to 0.73, and for the post-recall period, the R 2 s varied from 0.34 to 0.81. For most of the peanut butter brands, the Barten models provided relatively good fits for both periods. The Durbin-Watson statistics for the five estimated equations coupled with the statistically significant ρ1 coefficient indicated that serial correlation was accounted for in the Barten models for both periods. All but two parameter estimates were found to be statistically significant for the prerecall period, while all the parameter estimates were statistically significant for the post-recall period. The significance of the chi-squared (χ 2 ) statistic for the joint hypothesis tests of λ and µ shown in Table 3 indicates that the general BSM is best supported by the data for the pre-and postrecall periods.
Compensated Price Elasticities
Compensated own-price and cross-price elasticities, uncompensated own-price elasticities, and expenditure elasticities for the pre-recall and the post-recall periods computed at the sample means of the budget shares are presented in Table 4 . In the pre-recall period, the compensated own-price elasticities varied from -0.49 (Skippy) to -0.85 (Peter Pan). In the post-recall period, the compensated own-price elasticity estimates ranged from -0.51 (Other Brands) to -1.13 (Jif). For both periods, all the compensated own-price elasticity estimates were statistically significant, satisfying the law of demand for all the peanut butter brands. With the exception of Jif, the compensated ownprice elasticity estimates were less than unity in absolute value for both periods, suggesting inelastic demands for the respective brands. For Jif, the compensated own-price elasticity was -0.69 in the pre-recall period and -1.13 in the post-recall period. Across the two recall periods, the magnitudes of the compensated own-price elasticities for Private Label and Other Brands decreased; those for Jif, Skippy, and Peter Pan increased. Consequently, the Peter Pan recall was followed by a rise in the compensated own-price elasticity estimates for the major peanut butter brands.
In the pre-recall period, all the compensated cross-price elasticity estimates were positive, suggesting a net substitutability among peanut butter brands, with ten out of 20 of them possessing statistical significance. In the post-recall period, only one cross-price elasticity (between Private Label and Other Brands) was negative, albeit insignificant, while the rest of the off-diagonal elements were positive, indicating that net substitutability among brands continued after the event.
In the pre-recall period, significant net substitution relationships were present between Private Label and Jif, Private Label and Peter Pan, Private Label and Other Brands, Jif and Other Brands, and Peter Pan and Skippy. In the post-recall period, significant net substitutability was observed between Private Label and Jif, Jif and Peter Pan, Jif and Skippy, Jif and Other Brands, Peter Pan and Skippy, and Peter Pan and Other Brands. Significant net substitution relationships between Private Label and Jif, Jif and Other Brands, and Peter Pan and Skippy persisted from the pre-recall period to the post-recall period, implying that the recall did not affect the substitution pattern between these brands. Of particular interest was the increase in the compensated cross-price elasticity between Peter Pan and Skippy, suggesting strengthening of substitutability between these two national brands after the affected brand returned to the market. In addition, according to the magnitudes of the compensated cross-price elasticity estimates, in the pre-recall period, the strongest significant net substitutability was observed between Peter Pan and Skippy and between Jif and Other Brands. Weaker but significant net substitutability existed between Other Brands and Private Label. In the post-recall Notes: Subscript 1 refers to Private Label, 2 refers to Jif, 3 refers to Peter Pan, 4 refers to Skippy, and 5 refers to Other Brands. For instance, g 12 denotes the price effect of Jif on the volume of Private Label.
The estimates of b 5 and g 55 were recovered through adding-up restriction as b 5 = 1-(b 1 + b 2 + b 3 + b 4 + λ) and g 55 = 0-(g 15 + g 25 + g 35 + g 45 ).
"ρ1" denotes the autocorrelation coefficient in the error terms, the AR(1) process. To ensure adding-up, a common ρ1 is evident in any demand system.
The number of weekly observations for the pre-recall period was 58, and the number of weekly observations for the post-recall period was 71. Note: The number of weekly observations for the pre-recall period was 58, and the number of weekly observations for the postrecall period was 71. All elasticities are computed at the sample means of the data. An asterisk indicates statistical significance at the 0.10 level. The number of weekly observations for the pre-recall period was 58, and the number of weekly observations for the post-recall period was 71. period, the strongest significant net substitutability was observed between Private Label and Jif, and the weakest significant net substitutability was between Other Brands and Peter Pan.
Uncompensated Own-Price Elasticities
For both periods, all the uncompensated ownprice elasticity coefficients were statistically sig-nificant and negative, in accordance with expectations. In the pre-recall period, the uncompensated own-price elasticities for Private Label and Other Brands were close to unity in absolute value, while the demand for these two brands was inelastic in the post-recall period. The demand for Jif went from inelastic in the pre-recall period to elastic in the post-recall period. The demand for Peter Pan was elastic for both periods, implying a relatively high sensitivity on the part of consumers to price changes for this brand. Finally, the demand for Skippy was inelastic in both periods.
Expenditure Elasticities
For both periods, all expenditure elasticity estimates were statistically significant and positive, indicating that the quantity demanded increased for all peanut butter brands as real expenditure for peanut butter rose, ceteris paribus. For increases in inflation-adjusted total expenditure for peanut butter, Peter Pan benefited the most. Jif was the brand least sensitive to changes in total expenditure in the pre-recall period, while Private Label was the brand least sensitive to changes in total expenditure in the post-recall period.
Discussion of Estimation Results Across the Preand Post-Recall Periods
Compensated elasticities provide the most accurate picture of substitution among brands. Consequently, the discussion of changes in the magnitudes of price elasticities across the two periods is detailed in terms of compensated price elasticity estimates reported in Table 4 . The determination of the significance of the changes in the magnitudes of elasticities across the two periods is based on the results of chi-squared tests presented in Table 5 . Chi-squared tests were used since tests of the compensated price elasticities involved non-linear combinations of the parameters. Associated p-values from testing each element in the matrices from the pre-recall (post-recall) period against its respective counterpart from the postrecall (pre-recall) period also are exhibited in Table 5 . The null hypothesis for all of the respective tests is that the elasticity estimates from the two periods are equal. The test results in Table 5 are shown for compensated own-and cross-price elasticities and expenditure elasticities, a total of 30 tests for each period. 3 The conclusions reached from corresponding tests of compensated price elasticities are the same. For example, Test 1 in the pre-recall column deals with the hypothesis that the compensated own-price elasticity associated with Private Label for the pre-recall period (e_ctlbr_ctlbr_C_ pre) is equal to that for the post-recall period (-0.65443) . This test is similar to Test 1 in the post-recall column, which deals with the hypothesis that the compensated own-price elasticity associated with Private Label for the post-recall period (e_ctlbr_ctlbr_C_post) is equal to that for the pre-recall period (-0.82378). In both instances, the null hypothesis that the two elasticity estimates from the two periods are equal is not rejected.
Emphasis is placed on statistically significant differences associated with compensated price elasticities across the pre-recall and post-recall periods. We conclude that the compensated crossprice elasticity estimates between Private Label and Jif, Private Label and Peter Pan, and Private Label and Other Brands changed significantly across the two sample periods. The compensated own-price elasticity for Jif rose from -0.69 to -1.13, and this change was statistically significant. Jif had the largest market share (22 percent in the pre-recall period and 24 percent in the postrecall period); Procter and Gamble, the manufacturer of this brand, operated in the elastic portion of the demand curve in the post-recall period, consistent with profit-maximizing behavior of a dominant firm. Test results indicated that the cross-price elasticity estimates changed significantly between Jif and Skippy. However, we find no statistically significant evidence of a change in the magnitudes of cross-price elasticity estimates between Jif and Peter Pan and between Jif and Other Brands. The own-price elasticity of demand for Peter Pan increased slightly across both periods, but this change was not statistically significant. This result may be attributed to the marketing campaign that ConAgra undertook in an attempt to regain consumer trust in the safety of the recalled peanut butter brands. The demand for Other Brands became more inelastic going from 
Notes:
Subscript "ctlbr" refers to Private Label, "ppan" refers to Peter Pan, "obrand" refers to Other Brands, "C" stands for compensated, "pre" stands for the pre-recall period, and "post" stands for the post-recall period. Asterisks and bolding of the p-value values denote statistical significance at the 0.10 level.
the pre-recall period to the post-recall period. This change was statistically significant. In short, after the recall of Peter Pan, there were statistically significant changes in selected own-price and cross-price relationships among peanut butter brands. As such, spillover effects brought about by the recall were evident. In general, the recall contributed to a structural change in the demand for peanut butter across brands.
Summary, Conclusions, and Implications
Employing weekly scanner data from January 4, 2006, through February 13, 2007 (the pre-recall period), and from August 22, 2007 , through December 30, 2008 (the post-recall period), two separate Barten demand system models were estimated, one for the pre-recall period, and one for the post-recall period. Matrices of compensated and uncompensated own-price and cross-price elasticity and expenditure elasticity estimates were obtained for the pre-recall and post-recall periods. Elements of compensated price elasticity matrices for the two periods were compared against each other to identify a possible structural change in the demand for peanut butter initiated by the recall of Peter Pan.
The general BSM was favored over other forms of differential demand systems for studying the impact of the recall on the demand for peanut butter. Indeed, there were changes in the own-price and cross-price relationships among peanut butter brands, which suggests that the recall contributed to the structural change in the demand for peanut butter. The findings were substantiated by statistical tests of the significance of the changes in the magnitudes of the compensated price elasticities across the pre-recall and post-recall periods. Significant differences in compensated cross-price elasticities across the pre-recall and post-recall periods were evident for (i) Private Label and Jif, (ii) Private Label and Peter Pan, (iii) Private Label and Other Brands, and (iv) Jif and Skippy. Hence, notable spillover effects were detected after the recall of Peter Pan. Additionally, the crossprice elasticities among the major brands (Jif, Peter Pan, and Skippy) rose in absolute value from the pre-recall period to the post-recall period, suggestive of heightened competition. Significant differences in compensated own-price elasticity estimates were evident for Jif and Other Brands.
Interestingly, statistically significant differences in own-and cross-price elasticities for the Peter Pan brand were absent (except for Private Label and Peter Pan). Thus, after a period of only 27 weeks, the duration of the recall period, this brand essentially recovered from the food safety crisis. The evidence clearly shows that the efforts of image restoration in dealing with this issue were successful.
Going forward, lessons learned from this case study of a food recall incident reveal the importance of using a demand system approach associated with pre-and post-recall periods, considering brands in lieu of the entire product category, and considering not only own-price and cross-price elasticities of the affected brand, but also ownprice and cross-price elasticities of the other brands in the market. Further, the delineation of pre-and post-recall periods allows the determination of whether or not competition among brands increased or decreased, whether or not the affected brand recovered from the food safety incident, and if it did, the length of time for the recovery. This is a significant contribution to the literature on the impact of the competitive environment in which firms aim to maintain safety of the food supply.
